Abstract Effectiveness of fermentation using lactic acid bacteria (LAB) for recovering lipids and proteins simultaneously from freshwater fish head (FWH) was evaluated. Three different proteolytic LAB (Pediococcus acidilactici NCIM5368, Enterococcus faecium NCIM5335 and Pediococcus acidilactici FD3) isolated from fish processing wastes were employed in the fermentation process. The fermentation conditions involved 10 % (w/w) glucose, 2 % (w/w) NaCl and 10 % (v/w) LAB cultures at 37°C. The process resulted in 38.4 % of degree of hydrolysis (in case proteins) and a recovery of 63.6 % of the oil present in the material. The fermentation process did not affect the fatty acid profile of lipids. The hydrolyzed protein rich fermentation liquor exhibited DPPH radical scavenging activity (EC 50 -5.1 mg protein) as well as antagonistic properties towards several bacterial and fungal pathogens. The minimum inhibitory concentrations (MIC) of fermentated liquor (with E. faecium NCIM5335 as starter) were 10 and 12 mg/ ml for Listeria monocytogenes and Salmonella itridicus, respectively. A higher MIC (60 and 96 mg/ml for Aspergillus ochraceus and Penicillium chrysogenum, respectively) was observed in case of fungal pathogens. Both the oil and protein hydrolysate rich liquor from fish head can be used as biofunctional ingredients in both human food as well as livestock feed formulations.
Introduction
Fish heads (FH) are the major edible by-products generated from fresh water fish processing industries, which are rich in lipids and protein. The fish production from freshwater bodies through aquaculture currently stands in close to 33 million metric tonnes, accounting for >22 % of world fish production (FAO 2010) . Considering the fact that fresh water FH are a rich source of protein and polyunsaturated lipids (Swapna et al. 2010 ) and constitute about 15-25 % (depending on the species) of the fresh water fish biomass, it can be estimated that freshwater fish processing waste in the form of head alone amounts to >4.5 MMT. Hydrolysis processes have been developed to convert under-utilized fish and fish byproducts into a marketable and acceptable form, which can be widely used in food rather than as animal feed or fertilizer. Lactic acid fermentation (LAF) being an eco-friendly method results in biological silage wherein lactic acid bacteria (LAB) generate acid in situ for preservation of waste or for recovery of biomolecules from by-product. In addition to acid, LAB also produce proteases for the hydrolysis of protein ) and some of the lactobacilli produce antimicrobial compounds, which increase the preservation effect. The process of LAF has been employed to recover various biomolecules such as protein, lipids, carotenoids and chitin from among host of biomolecules . LAF has been studied for the simultaneous recovery of lipids and protein from fish visceral waste but that can only be used for aquaculture and animal feed.
The lipids from these edible wastes are rich in polyunsaturated fatty acids that can be used for human consumption. Economic value of fish oil had a record increase in the past few years due lopsided demand-supply issues; and, is expected to continue to increase in the near future (Turchini et al. 2009 ). In order to offset the lesser supply and higher demand, there is a great urgency to find and implement sustainable alternatives to fish oil. Lipids recovered from fish head can be better alternative to fish oil and till some extent reduce the demand of fish oil production. Protein hydrolysate from fish muscle (Rajaram and Nazeer 2010) and visceral waste ) have been studied for antioxidant and antibacterial activity. Natural antioxidant such as ascorbic acid and α-tocopherol are preferred over synthetic antioxidant due to their safety regard to health. In order to develop natural and safer antioxidant having nutritional value synergistic effect of amino acids, peptides and protein hydrolysate has been attracting research attention considerably. Similarly, protein hydrolysate after LAF can be used as a probiotic; and, use of probiotic as food additives is preferred over that of antibiotics as they do not exhibit any of the undesirable effects associated with the use of antibiotics viz, toxicity, allergy, bacterial drug resistance (Ajitha et al. 2004 ). In our present study, we assessed the effectiveness of LAF for the simultaneous recovery of lipids and protein from fresh water FH. The LAB used for the fermentation of fish head possesses good proteolytic properties and produces bacteriocin having a broad antibacterial spectrum (Amit et al. 2009; Jini et al. 2011) . Further, the fatty acid profile of recovered fish oil along with the antibacterial and antioxidant activities of the hydrolyzed protein rich liquor portion was also analyzed, in order to explore its possible potential as a high value ingredient in human food.
Materials and methods
Materials Fresh water fish heads (FWFH) were obtained by dressing of freshly harvested Indian major carps (Rohu and Catla) procured from the local market and transported to laboratory under iced conditions. DPPH (2, 2′-diphenyl-1-picrylhydrazyl), was purchased from Sigma-Aldrich Chemie (Steinheim, Germany). LAB isolates namely Enterococcus faecium NCIM5335, Pediococcus acidilactici FD3, Pediococcus acidilactici NCIM5368 and all the pathogens were obtained from the institute culture collection. All microbiological media were procured from Hi-Media (HiMedia, Mumbai, India). All the solvents and chemicals were of analytical grade.
Preparation of silage FWFH were crushed into small pieces using bowl chopper (TC11, Scharfen 58413, West Germany) followed by homogenization in a blender (Stephan Mill; Stephan UM, Germany) for 5 min. The homogenized mass was mixed and cooked under steam for 20 min. After cooling, 10 % (w/w) dextrose and 2 % (w/w) salt were added and mixed thoroughly. The LAB cultures E. faecium NCIM5335, P. acidilactici FD3, P. acidilactici NCIM5368 were grown in 100 ml of MRS-Broth (HiMedia, India) for 24 h at 37°C in a shaking incubator (Technico Ltd., India) set at 100 rpm. The cells were harvested by centrifuging (C31 Cooling centrifuge, RemiIndia, India) at 3000×g for 10 min, washed twice with sterile physiological saline and resuspended in physiological saline (100 ml). The silage mix was placed in airtight container and incubated for 72 h at 37°C. After 24 h of fermentation the content was centrifuged at 5000×g for 20 min and upper oil layer was collected. The lower FWH fermented protein rich hydrolysate (FHPH) was analyzed for degree of hydrolysis (DH) and antioxidant activities.
Yield, quality and fatty acid composition of lipids recovered on fermentation Oil yield after fermentation of cooked homogenized FWFH was calculated as % of total lipid content in FWFH . Total lipid content in the FWFH as determined by the method of Bligh and Dyer (1959) was considered as 100 %; and, the yield of lipids on fermentation was computed as -
Acid and peroxide value of the recovered oil was estimated as per AOAC (2000) to ascertain the quality of oil. Fatty acid composition of recovered lipids was determined by preparing the fatty acid methyl esters (FAME) of the recovered oil. Briefly, oil samples were transmethylated using 2 M methanolic sodium hydroxide followed by 2 M methanolic hydrochloric acid to obtain FAME. FAME were analysed by using a gas chromatography (GC) system (Shimadzu GC 2014; M/s Shimadzu, Kyoto, Japan) fitted with a flame ionization detector (FID) for identifying the individual fatty acids. FAME dissolved in hexane were analyzed using a fused silica capillary column (30 m× 0.32 mm × 0.25 μm) (Omegawax™ 320; M/s Supelco, Bellefonte, USA) with a split ratio of 1:30). The temperatures (°C) of injector, column and detector were set at 250, 200 and 260, respectively.
Degree of protein hydrolysis
DH of the FHPH resulted after lactic acid fermentation of FH was estimated as per the methodology described by Amit et al. (2011) and was computed as -DH (%)0[10 % TCA soluble N 2 in the sample ÷ Total N 2 in the sample]× 100.
Antioxidant activities of fermented head protein hydrolysate
Preparation of sample for in-vitro antioxidant and antibacterial assays The FHPH obtained was filtered using muslin cloth to obtain filtered fermented liquor (FFL). FFL was further centrifuged at 5000 × g for 20 min to obtain a sediment-free supernatant. This supernatant was referred to as centrifuged FFL (CFFL). CFFL was lyophilized and the lyophilized sample was used for antioxidant and antimicrobial properties. The in-vitro antioxidant assays included total antioxidant activity (TAO) and DPPH radical scavenging activity.
Total antioxidant activity TAO was carried out as per the method described by Amit et al. (2011) . TAO of CFFL was determined by mixing sample with 3 ml of reagent solution [3.0 ml; 0.6 M sulfuric acid: 28 mM sodium phosphate: 4 mM ammonium molybdate (1:1:1 v/v/v)]. Reaction mixture was incubated in a water bath at 95°C for 90 min, cooled to room temperature and the absorbance was measured at 695 nm. TAO was expressed as of μg of ascorbic acid equivalents (AAE) per mg of protein in fermented hydrolysed sample.
Diphenyl picrylhydrazyl (DPPH) radical scavenging activity The DPPH radical scavenging capacity of CFFL was determined by the method previously described in Amit et al. (2011) . Briefly, 100 μl of sample and made up to 2 ml with distilled water followed by addition of 2.0 ml of 0.16 mM DPPH solution (in methanol). The mixture was vortexed and kept at room temperature for 30 min in the dark. Sample blank was prepared by replacing DPPH with methanol. The absorbance of all the sample solutions was measured at 517 nm. Methanol along with DPPH served as the control. The scavenging activity (%) was calculated by using the formula:
Antibacterial and antifungal susceptibility assay Preparation of spore suspension All the fungal cultures were grown on potato dextrose agar (PDA) slants at 25°C until the spores ramified (7-10 days). Spores were suspended by adding Tween 20 solution (0.1 %v/v) in distilled water and inoculated viable spores (10 6 ) per mL. The antibacterial activity was carried out using agar well diffusion method (Denton and Kerr 1998) . The 18-24 h old bacterial strains were grown on nutrient broth and incubated at 37°C under shaking condition. The culture broth of 0.1 mL containing 10 8 -10 9 cfu/mL was spread on nutrient agar plate (15 cm) by spread plate method. Wells were bored (8 mm diameter) in the agar plates and filled with protein hydrolysate and were incubated at 37 ±1°C for 24 h and 48 h. Tetracycline (10 μl/ml) was used as positive control. The zone of growth inhibition was expressed in mm.
The antifungal properties of protein hydrolysate were studied against various fungi ). The known concentrations of the CFFL were added onto the plate along with the PDA before plating and the content was evenly mixed. Point inoculation of the respective fungi was carried out. The PDA plate without CFFL was considered as control. The plates were incubated at 27 ±1°C temperature for 5-7 days. Nystatin (1 μl) was used as the positive antifungal agent. At the end of the incubation period, the susceptibility of the test organisms was determined by measuring the mean growth values and were converted into percentage of mycelial growth inhibition (MGI) in relation to the control treatment, by using formula MGI (dc-dt)/dc X100, where dc and dt represent mycelial growth diameter in control and treated petriplate, respectively. All the experiments were carried out in triplicates.
Determination of Minimum Inhibitory Concentration (MIC) for bacteria and fungi The MIC of FHPH against selected bacterial strain were carried out according to Thongson et al. (2004) . Different concentrations 5, 10, 15, 20, 40, 60, 80 , 100 μl (protein concentration 7-8 mg/ml) of the CFFL and 100 μL of the bacterial suspension (10 5 CFU/ml) were added aseptically to 10 ml of nutrient broth separately and incubated for 24 h at 37°C. Growth was observed both visually and by measuring the optical density (OD) at 600 nm. MIC was defined as the lowest concentration which resulted in a reduction of >90 % in the observed absorbance. Likewise, the MIC of the fungal strains was carried out using different concentration (5 to 100 μl) of CFFL (protein concentration 7-8 mg/ml) on A. ochraceus and Penicillium sp using potato dextrose broth. These were incubated at 27°C for 4-5 days and observed for the growth inhibition. Triplicate sets of tubes were maintained for each concentration of test sample.
Scanning electron microscopy (SEM) To determine the efficacy of protein hydrolysate on the morphology of the cells, SEM studies were performed on L. monocytogenes and S. itriditicus treated with MIC of protein hydrolysate. Controls were prepared without protein hydrolysate. The bacterial samples were washed gently with 50 mM phosphate buffer solution (pH 7.3), fixed with 2.5 g/100 ml glutaraldehyde. The specimen was dehydrated using sequential exposure per ethanol concentrations ranging from 30-100 %. After dehydration, the samples were spread on a double sided conducting adhesive tape pasted on a metallic stub, subjected to gold covering, and observed under a scanning electron microscope (LEO 435VP, UK) at 20 kV attached to Video copy processor (Mitsubishi, Japan) . Photographs were taken using 35 mm camera (Ricoh, Japan) that was connected to monitor optically through fibre optics.
Three-day-old fungal cultures of Penicillium sp. and A. ochraceus on PDA treated with sterile filter paper discs (10 cm diameter) soaked in protein hydrolysate placed on the inner surface of the Petri dish lid. Then, the dishes were sealed with parafilm and incubated upside-down at 25°C, and negative control without protein hydrolysate was used for SEM to study the mode of action of the protein. The segments measuring 5-10 mm were cut at periphery of the colony from the cultures growing on the PDA plates and were placed in vials containing 3 % glutaraldehyde in phosphate buffer saline (PBS) (pH 7.4) at 4°C and further processed as mentioned for bacterial cells.
Statistical analysis All the experiments were comducted in triplicates, wherever required. The data was subjected to analysis of variance to determine the significant difference between different treatments and mean separation was accomplished by Duncan's multiple range test (Statistica 1999).
Results and discussion
Recovery of lipids and protein from fresh water fish head Fresh water fish head (Rohu and Catla) had a lipid and protein content of 26.47 % and 55.23 % (both on dry weight basis), respectively. Oil recovery after fermentation of FWH using different LAB cultures is presented in Table 1 . The total lipid content in FWH was 15-16 % (wwb). Oil recovery showed variations among different LAB cultures used. E. faecium NCIM5335 gave highest oil recovery of (63.6 %), followed by P. acidilactici NCIM5368 (58.3 %), the least being in P. acidilactici FD3 (39.2 %). Hence, it can be said that fermentation using LAB can be an effective approach for oil recovery from fresh water fish head.
The oil recovered on fermentation using different LAB cultures was assessed for its quality which was determined with respect to acid value and peroxide value. The acid value (mg NaOH g -1 sample) in the oil recovered is presented in Table 1 . Acid value of the recovered oil was in the range of 2.2-2.9 (mg NaOH g −1 sample) with the maximum in case of P. acidilactici FD3 (2.9) and P. acidilactici NCIM5368 (2.8). Acid value of oil recovered from fish head is lower compared to visceral waste, as viscera are rich in lipases (Nayak et al. 2004 ) and lipolytic bacteria. But lipase produced by LAB can increase the acid value of the oil. Due to the action of lipases, the lipids present in the fish viscera are hydrolyzed thus releasing the fatty acids, which contribute to acid value. Peroxide value indicates the degree of oxidation of lipids which is presented in Table 1 . The peroxide value (meqv oxygen kg −1 sample) in the oil increased significantly from an initial value of 11.23 meqv oxygen kg −1 sample in fresh and was found to be maximum in case of P. acidilactici NCIM5368 and P. acidilactici FD3 (42 and 48.4 meqv oxygen kg −1 sample), respectively.
Peroxide value can be reduced by the addition of synthetic antioxidant such as TBHQ to the homogenized head before fermentation. Changes in peroxide value, an indicator of lipid oxidation, during fermentation of fish viscera has been reported by Ahmed and Mahendrakar (1996) where slight increase was observed in peroxide value which later reduced due to breakdown of oxidized products. Further they also suggested the use of antioxidants to prevent oxidation of lipids and development of rancidity during storage of fermented fish viscera. The fermentation may also result in formation of peptides possessing antioxidant activity, which can prevent lipid oxidation . Fatty acid composition of recovered oil from hydrolysed fish head waste is presented in Table 2 . There was no significant difference in the fatty acid profile of the oil recovered on fermented homogenized head using different LAB cultures when compared to the fresh oil. Unsaturated fatty acids dominated the fatty acid profile of the recovered oil. There was no significant difference in the amount of saturated fatty acids like palmitic acid (C16:0) stearic acid (C18:0) as well as unsaturated fatty acids such as eicosapentaenoic acid (EPA) (C20: 5), palmitoleic acid (C16:1), oleic (C18:1) and linoleic (C18:3) ( Table 2 ). This observation correlated with Gbogouri et al. (2006) wherein no difference in fatty acid profile of oil recovered from salmon heads by solvent extraction and enzymatic hydrolysis was noticed. Similarly, in case of fermentation of fresh water viscera using LAB, there was no change in fatty acid composition in the recovered oil as reported by Amit et al. (2011) .
Antioxidant activities of fermented protein hydrolysate
The protein hydrolysates obtained from wastes/by-products of animal and fish processing industry exhibit antioxidant activity (Amit et al. 2009; Bijinu et al. 2011; Sachindra and Bhaskar 2008) . TAO and DPPH radical scavenging activity of CFFL obtained from FHPH by different LAB cultures is presented in Table 1 . DPPH has been used extensively as a free radical to evaluate reducing substance and is a useful reagent for investigating the free radical scavenging activities of protein hydrolysates. DPPH radical scavenging activity expressed in EC 50 which was found to be higher in case of E. faecium NCIM5335 (5.1 mg protein), least being in P. acidilactici NCIM5368 (7.2 mg protein). The method is based on the reduction of methanolic DPPH solution in presence of a hydrogen donating antioxidant due to formation of a non-radical form of DPPH-H by the reaction and this modification is visually noticeable as a discoloration from purple to yellow (Shon et al. 2003) Total antioxidant activity (TAO) was expressed as mg of ascorbic acid equivalents per microgram of protein in CFFL (AAE/mg). E. faecium NCIM5335 showed highest TAO of (13.4 mg of AAE/mg of protein), followed by P. acidilactici FD3 showing (11.3 AAE/mg protein) and P. acidilactici NCIM5368 (11.1 AAE/mg protein). The TAO exhibited by the CFFL could possibly be due to the peptides and amino acids resulting from the hydrolysis of fish waste proteins. In this phosphomolybdenum method, molybdenum VI (Mo 6+ ) is reduced to form a green phosphate/Mo 5+ complex (Amit et al. 2009 ).
Antibacterial activity of FHPH The in-vitro antibacterial susceptibility of the FHPH obtained on fermentation of homogenized fish head using different LAB showed antibacterial activity against bacterial pathogens (Table 3) . The FHPH extract was found to be effective against Gram-positive bacteria such as S. aureus, L. monocytogenes, B. cereus, B. subtilis, M. luteus and Gram-negative pathogens such as E. coli, S. itriditicus, S. paratyphi, Y. enterocolitica and S. typhi. The inhibition zone using FHPH obtained using different LAB ranged from 13.5-29.75 mm and maximum inhibition was obtained with L. monocytogenes (29.75±0.2) and S. itriditicus (28.25± 1.25). The antibacterial activity exhibited by the liquor portion rich in hydrolysed portion could possibly be because of presence of antimicrobial peptides (bacteriocin) produced during fermentation using LAB and peptides formed on hydrolysis of protein present in head. Kawai et al. (2007) have reported antagonistic property of bovine lactoferrin hydrolysate against mastitis pathogens. Similarly, hydrolysates of food proteins by SFA Saturated fatty acid, MUFA Mono unsaturated fatty acid, PUFA Poly unsaturated fatty acid. NCIM5335 -Enterococcus faecium NCIM5335, FD3 -Pediococcus acidilactici FD3, NCIM5368 -Pediococcus acidilactici NCIM5368; Fatty acid concentrations above 0.5 % are only considered for the above gastrointestinal proteases have also been shown to be antibacterial as well as immunostimulatory in nature (Gediminas et al. 2006) . Bactriocins are known to kill the pathogenic bacteria either by forming pores in the cytoplasmic membrane or by acting on the energized membrane vesicles to disrupt the proton motive force (PMF), inhibit uptake of amino acids, and cause release of accumulated amino acids . In case of P. acidilactici FD3 FHPH, maximum inhibition was observed with S. aureus (29.75±0.25 mm) and minimum inhibition in case of B. subtilis with 16±1.5 mm. S. itriditicus (28.7.0±0.5 mm) showed good inhibition with FHPH of P. acidilactici NCIM5368 followed by E. coli and Y. enterocolitica. Minimum inhibition was found in case of B. subtilis and S. typhi when treated with E. faecium NCIM5335, P. acidilactici FD3 whereas P. acidilactici NCIM5368 exhibited minimum inhibition with S. aureus and B. cereus. This may perhaps be due to the resistance that may result probably from alteration of bacterial membrane composition, destruction of the bacteriocin by proteases or altered receptors (Martinez and De Martinis 2005) .
Determination of Minimum Inhibitory Concentration (MIC) of FWPH in bacteria
The FHPH obtained on fermentation with E. faecium NCIM5335 had better antibacterial spectrum and effective antibacterial activity against pathogen like L. monocytogenes (29.75±0.2) and S. itriditicus (28.0±1.25) and hence considered for further studies to find the MIC of extracted protein hydrolysate on fermentation with E. faecium NCIM5335. MIC of FHPH obtained on fermentation with E. faecium was calculated for L. monocytogenes and S. itridicus which were 10 and 12 mg/ml, respectively. The antibacterial activity increased with increasing concentration of the FHPH and indicates that antibacterial activity is dose dependent. The peptides have ability to depolarize the cytoplasmic membrane and are usually effective against Gram-positive microorganisms and are well supported by L. moncytogenes. LAB bacteriocins have varied mechanisms to exert an antimicrobial effect, but generally target the cell envelope. The initial electrostatic attraction between the target cell membrane and the bacteriocin peptide is thought to be the driving force for subsequent events (Deegan et al. 2006) . Anionic cell surface polymers like teichoic acid and lipoteichoic acid may be important in the initial interaction of cationic bacteriocins of Gram-positive bacteria (Jack et al. 1995) . The exact mode of action of antimicrobial peptides is widely believed that the peptides interact with and disrupt the cytoplasmic membrane, leading to the dissolution of the proton motive force and leakage of essential molecules, resulting in cell death. Bacteriocins may possess a bactericidal or bacteriostatic mode of action on sensitive cells, this distinction being greatly influenced by several factors such as bacteriocin dose and degree of purification, physiological state of the indicator cells and experimental conditions (Cintas et al. 2001) .
Scanning electron microscopy studies on bacterial cells The FHPH effect observed under microscope revealed strong inhibition on cell growth. The cells of the bacteria appeared shriveled with degenerative size compared to untreated sample (Fig. 1) . The inhibition caused may be due to some peptides. Moreover, bacteriocins are part of antimicrobial peptides and are widely believed that the carnage mechanism of these peptides on bacteria involves an interaction with the cytoplasmic membrane. Both groups act on sensitive cells by targeting either the inner membrane by pore formation or an intracellular target using enzymatic activity such as DNAse or RNAse (Abee 1995) . Animal-derived antimicrobial peptides exhibit inhibitory effect against wide range of microorganisms than those produced by bacteria, as they are not affected by antibiotic-resistance mechanisms like other antibiotics (Rydlo et al. 2006) .
Antifungal activity of FHPH Antifungal susceptibility was observed in all the three protein hydrolysate extracted ( Table 3 ). The FHPH extract fermentation with E. faecium NCIM5335 was found to be fairly efficient compared to P. acidilactici FD3 and P. acidilactici NCIM5368. The FHPH of NCIM5335 was effective against Penicillium compared to A. oryzae and A. ochareus. The delay in sporulation expressed as % of inhibition by FHPH of NCIM5335 against Penicillium, A. ochraceus and A. oryzae were 55 %, 28 %, and 29 %, respectively (Table 3) , whereas A. niger and A. flavus were found to be resistant. Atanossova et al. (2003) reported to have characterized an antimicrobial proteinaceous compound from Lactobacillus paracasei sub sp. paracasei M3, with broad antibacterial activity and with fungistatic effects against 4 of the 26 tested yeast species. In contrast with the vast literature on bacteriocins, only few reports exist on antifungal peptides of LAB (Roy et al. 1996) and our results is one of the few to report the same.
Minimum inhibitory concentration of FHPH in fungi
The minimum inhibitory concentration of the protein hydrolysate against A. ochraceus was 60 mg/ml and 96 mg/ml for Penicillium. Likewise our results also suggest that the NCIM5335 extracts exhibited antifungal activity against A. ochraceus and Penicillium. Delayed growth and sporulation in case of Penicillium was observed. Different mechanisms of action have been proposed for peptides such as alteration of enzymatic activity, inhibition of spore germination and inactivation of anionic carriers (Martinez and De Martinis 2006) . The FHPH did not exhibit antifungal activity against A. niger and A. flavus which could be due to influence of the proteolytic enzymes produced by these fungi in the hydrolysate (Batish et al. 1989) . Possible explanations for these observations include synergistic effects between this peptide and host derived antifungal factors, such as endogenous antimicrobial proteins/peptides and reactive oxygen intermediates which has brought about inhibitory effect in case of fish epidermis (Claire Hellio et al. 2002) .
Scanning electron microscopy studies of fungal cells The SEM pictures of A. ochraceus and Penicillium sp exhibited alteration of the hyphal morphology when treated with NCIM5368 samples. The mycelium of untreated (control) A. ochraceus was illustrious with free and linearly shaped hyphae with anomalous branching (Fig. 2) . But in case of FHPH treated fungi, notching of the terminal hyphae, shriveled hyphae, severely collapsed, cell surface depressions and squashed mycelium were observed (Fig. 2) . This may be due to interferences of cell wall synthesis, which cause morphological changes and inhibit growth. Such modifications may be related to effect of peptides as enzymatic reactions regulate cell wall synthesis. This could be due to the loss of integrity of the cell wall and as a result, plasma membrane permeability might be affected, which explain changes in morphology with orientation to size and shape of the internal organelles. Also the antifungal activity involving cytoplasmic granulation, cytoplasmic membrane rupture and inactivation of intracellular and extracellular enzymes could have taken place. These biological events could take place separately or concomitantly, culminating in mycelial germination inhibition. However, it is likely that a careful reevaluation of other 'bacteriocins' might reveal further antifungal activities.
Conclusions
The study collates information regarding oil rich in PUFA and peptidic hydrolysates with antioxidant and antimicrobial properties isolated from FWFH. Antioxidant and antimicrobial proteins isolated from fish head sources may be used as functional ingredient in food formulations to impart human health benefits and/or improve the shelf life of foods. Furthermore, fermented protein hydrolysate exhibited antimicrobial effects on various types of bacteria and finds its application in food preservation, food supplements and pharmaceutical industry.
